Pedicularis wanghongiae M.L.Liu & W.B.Yu, a new species from Gaoligong Mountains in Yunnan Province, southwestern China, is described and illustrated. This new species was found growing in the wet meadow at the top of the mountains near Dulongjiang Township and Cikai Township. Pedicularis wanghongiae is morphologically similar to P. praeruptorum Bonati, but differs from the latter in having an upward bent galea, shorter petioles and only two pubescent filaments. In addition, stems of P. wanghongiae are densely glandular pubescent, and its leaves are abaxially white pubescent along the veins. Furthermore, the pollen grain of P. wanghongiae is bisyncolpate with microfoveolate exine ornamentation. Molecular phylogenetic analyses using four DNA loci (ITS, matK, rbcL and trnL-F) support the delimitation of this new species. Morphologically, this new species should be placed in Pedicularis series Paucifoliatae Prain according to Tsoong's classification. However, series Paucifoliatae was shown to be paraphyletic based on molecular data. A key to species in series Paucifoliatae is presented, and relationships among these species discussed.
Introduction
The hemiparasitic genus Pedicularis Linnaeus (1753: 607) , consisting of around 600-800 species throughout the world, mainly distributed in arctic-alpine regions in the northern hemisphere (Li 1951; Yang et al. 1998; Mill 2001; Wu et al. 2003; Wang & Li 2005) . Two-thirds of the more than 350 species of Pedicularis in China are confined to the Himalayan-Hengduan Mountains region, a center for species diversity and endemism of this genus (Hong 1983; Yang et al. 1998; Wang et al. 2009; Yu et al. , 2010 .
Mainly focusing on Chinese species, Li (1948 Li ( , 1949 and Tsoong (1963) proposed different classification systems of Pedicularis. In Li's system, 282 species were classed into 65 series, 18 sections and three greges (groups), whereas in Tsoong's system, 329 species were classed into 112 series and 13 greges (groups).
Series Paucifoliatae Prain (1890: 80) is characterized by having rigid stems, few cauline leaves, and the corolla with a long and slender beak (Yang et al. 1998) . The delimitation of this series is inconsistent between Li's and Tsoong's systems (Table 1) . Li (1949) placed five species in this series, while Tsoong (1963) added three species from series Asplenifoliae Prain (1890: 79), reduced P. aphyllocaulis Handel-Mazzetti (1925: 239) as a synonym of P. praeruptorum Bonati (1921: 126) , and transferred P. tsangchanensis Franchet ex Maximowicz (1888: 571) to series Filiculae Li (1949: 9) . In addition, Li (1949) established series Asplenifoliae based on the absence of cauline leaves and less leaf segments, which is very close to series Paucifoliatae. Li's series Asplenifoliae includes nine species, while Tsoong (1963) retained P. mayana Handel-Mazzetti (1936: 858) and P. yui Li (1949: 102) , and a newly described species P. tenacifolia Tsoong (1963: 416) was placed in this series (Table 1) Li (1949) and Tsoong (1963) 
Material and methods

Field collection and morphological study
The new species we identify here, Pedicularis wanghongiae, was collected from the mountains near the Dulongjiang Township and Cikai Township, Gongshan county. To examine this new species and the relationship with its closely related species, 24 species of Pedicularis, including P. wanghongiae, were studied using both morphological and molecular methods. Voucher specimens were deposited at the herbarium of Kunming Institute of Botany, Chinese Academy of Sciences (KUN; Appendix S1).
The new species was observed in the field and lab under an anatomical lens (OLMPUS-SZX12). Pollen was dehydrated using an ethanol series ) and then examined with SEM (Hitachi S-4800). Additionally, indumentum of stems and leaves in P. wanghongiae (L.Lu et al. LL-2014-16, KUN) , P. praeruptorum (L.M.Gao et al. GLM-123909, H.Li et al. 26363, and L.Lu et al. LL201420, KUN) and P. yunnanensis Franchet ex Maximowicz (1888: 572) (W.B. Yu et al. 2014087, KUN) were observed under SEM.
Molecular phylogenetic analyses
For molecular phylogenetic studies, DNA sequences of 22 species of Pedicularis were obtained from previously published studies (Yu et al. 2011 (Yu et al. , 2013 or generated in this study following Yu et al. (2011) . Both alternateleaved species and opposite/whorled-leaved species from series Asplenifoliae, including three species from series Asplenifoliae, were selected as outgroup for the phylogenetic analysis of species from series Paucifoliatae. Sequences were assembled and edited using Sequencher 4.1.4, then aligned using MAFFT version 7.0 (Katoh & Standley 2013) . Four DNA loci (ITS, matK, rbcL and trnL-F) were used for Bayesian inference (BI), maximum likelihood (ML) and maximum parsimony (MP) phylogeny reconstruction. The BI analysis was performed using MrBayes version 3.1 (Ronquist & Huelsenbeck 2003) . The total dataset is portioned as ITS and the concatenated plastid. DNA substitution model for ITS and the concatenated plastid datasets, respectively, using the Bayesian information criterion (BIC) was estimated using jModeltest version 2 (Darriba et al. 2012 ). The ML analysis was conducted with RAxML (Stamatakis et al. 2008) on the CIPRES Science Gateway (http://www.phylo.org). The MP analysis was carried out using PAUP* version 4.0b10 (Swofford 2003) . Parameter setting for the three analyses followed Yu et al. (2013) . 
Results
Morphological comparisons
Roots of P. praeruptorum, P. wanghongiae and P. yunnanensis are fusiform, while roots of the other species in series Paucifoliatae are filiform. The stems of all species in series Paucifoliatae are pubescent (Figs. 3A, D, E) , however, the stems of P. yunnanensis are glabrous except for lines of hairs (Fig. 3J) . Pedicularis praeruptorum, P. tsarungensis Li (1949: 100) , P. umbelliformis Li (1949: 100) , P. wanghongiae and P. yunnanensis have pinnatipartite to pinnatisect leaves that are mainly basal, while P. forrestiana Bonati (1911: 86) and P. micrantha Li (1949: 106) are characterized by pinnatifid to pinnatipartite leaves that are both basal and on the stem, and the basal leaves are much larger. The petiole is almost as long as the leaf blade in P. forrestiana, P. micrantha and P. wanghongiae (Fig. 1F) , but is longer than the leaf blade in other species in series Paucifoliatae. Leaves of P. wanghongiae are abaxially pubescent along the veins (Fig. 3C ) and adaxially glabrous (Fig. 3B) . Leaves of P. praeruptorum are abaxially pubescent along veins or almost glabrous (Figs. 3G-I ) and adaxially glabrous (Fig. 3F) . Leaves of P. yunnanensis are abaxially sparsely pubescent along veins (Fig. 3L ) and adaxially glabrous (Fig. 3K) . The calyx is 1/3-1/2 cleft anteriorly in P. praeruptorum and P. yunnanensis, but is 1/2-2/3 cleft anteriorly in P. wanghongiae (Fig. 1E) . Filaments are all pubescent in P. praeruptorum and P. yunnanensis, and are all glabrous in P. tsarungensis, while two filaments are pubescent and two are glabrous in P. umbelliformis and P. wanghongiae (Fig. 1D) . 
Pollen morphology of P. wanghongiae
Pollen grains are radially symmetrical, isopolar, prolate spheroidal, and small in size (polar length: 17.29 ± 0.93 µm × equatorial diameter: 15.80 ± 0.50 µm). Pollen apertures are bisyncolpate (Figs. 2B, C) , and the colpi are usually wide and sunken, with the colpus membrane covered by granular elements (Fig. 2B) ; exine ornamentation is microfoveolate, with an undulating surface (Fig. 2D) . 
Phylogenetic analyses
For the 32 accessions included in phylogenetic analyses, length of the combined alignment is 3035bp, with 290 parsimony-informative sites and 715 variable sites. Branch length of the MP trees is 1075. Consistency, retention and rescaled consistency indices are 0.741, 0.787 and 0.584, respectively. The substitution model selected by BIC for the BI analysis is GTR+I+G for the ITS dataset (-lnL=3189.54, K=72, BIC=6843.63) and TPM1uf+G for the concatenated plastid dataset (-lnL=7217.29, K=68, BIC=14963.86) . Phylogenetic analyses show Tsoong's series Paucifoliatae is not monophyletic (Fig. 4) , including alternate-leaved species from other series. The new species P. wanghongiae, together with P. praeruptorum, P. micrantha, P. yunnanensis and other alternate-leaved species, form a well-supported clade (BIPP/MPBP/MLBP = 1.00/74%/94%). Recognition of P. wanghongiae as a new species is strongly supported (BIPP/ MPBP/MLBP = 1.00/99%/100%). Pedicularis wanghongiae is closely related to P. praeruptorum and P. micrantha (BIPP/MPBP/MLBP = 1.00/82%/95%). Pedicularis umbelliformis, P. yui and P. tenacifolia form a well-supported clade (BIPP/MPBP/MLBP = 1.00/99%/100%), and P. yunnanensis is closely related to P. strobilacea Franchet ex Forbes & Hemsley (1890: 216) (BIPP/MPBP/MLBP = 1.00/74%/73%).
Discussion
The new species P. wanghongiae should be placed in Tsoong's series Paucifoliatae Prain for its absence of persistent leaves and fewer wider segments. The new species is closely related to P. praeruptorum and P. micrantha based on molecular data. However, P. micrantha is quite different from P. wanghongiae and P. praeruptorum in its large pinnatifid leaves. Pedicularis wanghongiae is morphologically mostly approximate to P. praeruptorum, but differs from the latter mainly in its shorter petiole and upward bend of the galea. Filaments are all pubescent in P. praeruptorum, while only the anterior filament pair is pubescent on the lower part in P. wanghongiae (Fig. 1D) . Furthermore, leaves of all the samples of the new species are abaxially pubescent along the veins. However, leaves of P. praeruptorum in some specimens examined are abaxially pubescent along veins, while in some others are almost glabrous, especially in specimens from Gaoligong Mountains. The recognition of the new species P. wanghongiae is supported by both morphological and molecular evidence. Herbs perennial, 7-16 cm tall, drying slightly black. Roots fascicled, fusiform. Stems erect, densely glandular pubescent. Leaves basal, cauline leaves absent; petiole 1-2.5 cm long; leaf blade ovate-oblong to oblong-lanceolate, 1.2-2.6 cm, abaxially white pubescent along veins, adaxially glabrous, pinnatipartite to pinnatisect; segments 5-9 pairs, lanceolate, pinnatifid, dentate. Inflorescences short racemose; bracts leaflike. Pedicel 5-6 mm long, densely pubescent. Calyx 6-7 mm long, 1/2-2/3 cleft anteriorly, with long hairs along midvein; lobes 5, unequal, posterior lobe smallest, ±entire, others dentate, with 4 or 5 cleft divisions. Corolla purple or rose-red, white at throat, ca. 1.6 cm long; tube ca. 9 mm long, glabrous; galea bent at a right angle apically, densely minutely pubescent; beak bent upward, 7-8 mm long; lower lip ca. 1.6 cm long ×1.7 cm wide, sparsely ciliate, the middle lobe oblong-obovate, projecting and stiped, ca. 1.2 cm long × 0.9 cm wide. Anterior filament pair pubescent at the lower part, posterior filament pair glabrous. Capsule ovoidlanceolate, ca. 1.5 cm long × 0.5 cm wide, not oblique, apex acute. Fl. May-July, fr. July-Oct.
Taxonomic treatment
Distribution and habitat:-Currently known only from Dulongjiang Township and Cikai Township, northwestern Yunnan, China, growing in wet meadow of high mountains at the elevation of 3200-3500 m. Rare. 
